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This presentation reports on an ongoing learning study focusing on the unit circle, which plays a fundamental role in students’ understanding of trigonometry. Using sine and cosine functions, it is possible to represent periodic phenomena. However, previous research shows students struggle transitioning from triangle trigonometry to circle trigonometry (Brown, 2005; Maknun et al., 2022), due to difficulties with periodicity (Kamber & Takaci, 2018) and reliance on procedural routines (Yiǧit Koyunkaya, 2016). This study aims to investigate how different instructional designs influence students’ learning of the unit circle. By exploring how variation in teaching content affects students’ discernment of trigonometric concepts, the study contributes knowledge of effective strategies for teaching trigonometry.
Theoretical Framework
This study uses variation theory as the analytical and design framework. Variation theory focuses on the relationship between teaching and learning, emphasizing how structured variation of content can help students discern critical aspects of an object of learning (Marton, 2015). The concepts of intended, enacted, and lived object of learning (Marton & Tsui, 2004) guide the analysis, alongside a framework for handling translations in trigonometry (Brown, 2005).
Empirical Study
A modified learning study (Kullberg et al., 2024) is ongoing with four upper secondary teachers, each implementing one of two contrasting teaching designs in parallel classrooms. The instructional designs are structured around the contrast and generalization phases of variation theory to make critical aspects of the unit circle visible to students. The designs are informed by a prior pilot study, which identified potential critical aspects (PCA) as defined by Olteanu and Olteanu (2013), related to the unit circle and students’ solutions of trigonometric equations of the form:
						(1)
						(2)
Data collection includes video-recorded lessons, observations, one pre-test, and two post-tests — one of which is a delayed post-test to capture long-term learning outcomes. The analysis will focus on how variations in teaching design relate to differences in students’ learning, as revealed through their ability to shift between various representations of trigonometric concepts. To classify the tasks in the tests, a modified version of Brown’s (2005, p. 133) analytic framework is used. This framework was also applied in the pilot study. Since this study does not include the sinusoid, it was removed from Brown’s original framework; the modified version is presented in Figure 1. This framework also informed the analysis of students’ answers.
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Figure 1: Translations in circle trigonometry
Contribution
By comparing two lesson structures on the unit circle, this study examines how content-focused design supports trigonometry learning. Combining variation theory with a representation analysis provides detailed insights into how students’ understanding develops based on how the content is presented in teaching.
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